To reliably determine the spectroscopic signature of rapidly oscillating chemically peculiar (roAp) stars it is also necessary to investigate a sample of non pulsating chemically peculiar (noAp) as well as presumably "normal" stars. We describe in this study the sample of spectroscopically investigated stars and comment on the techniques used for the analysis. In particular we discuss ionization disequilibria of rare earths in roAp stars that distinguish them from noAp stars. In the light of the recently discovered pulsation of β CrB we see arguments that all magnetic CP2 stars up to a transition temperature of about 8100 K may be pulsating.
Introduction
The detection of rapid oscillation in HD 101065 by D. Kurtz (1978) marked the discovery of a new class of pulsating stars, the roAp stars, and provided an important impetus to asteroseismology. Contrary to the other pulsating variables known at that time, roAp stars are a subgroup of already quite "abnormal" stars, the well-known but still not sufficiently understood chemically peculiar A-type stars. Their peculiar atmosphere causes considerable problems when determining stellar fundamental parameters, like T eff , log g or metallicity with classical techniques calibrated on "normal" stars. As we have been developing the tools for a better understanding of CP star atmospheres by replacing various approximations by more physical descriptions, we decided to investigate also roAp stars spectroscopically and to determine their fundamental parameters, in particular their abundance spectrum relative to the sun and to non-pulsating Ap (noAp) stars with similar T eff and log g.
In 1996 the only roAp star with a well investigated atmosphere (Kupka et al. 1996 -Paper I) was α Cir. Thanks to new observations and the availability of already archived spectra through collaborations with various institutions, the situation has changed significantly as has been illustrated in a progress report by Weiss et al. (2000) .
Based on observations obtained at the European Southern Observatory (La Silla, Chile), the Canadian-French-Hawaii telescope, the South Africa Astronomical Observatory, The Crimean Astrophysical Observatory and on numerous  interrogations.
Atmospheric characteristics and abundances of at least the most important group of elements for 12 out of 32 known roAp stars are now available, including such a pathological case as Przybylski's star -HD 101065 (Cowley et al. 2000) . Ryabchikova et al. (2001) analysed 6 roAp and 6 nonoscillating Ap (noAp) stars of similar effective temperatures and found a remarkable anomaly in Pr  -Pr  and Nd  -Nd  line intensities in spectra of all investigated roAp stars. This anomaly was a difference of about 2 dex in the abundances derived from the first and second ions. In four noAp stars the same anomaly seemed to be marginally -if at all -present. In two noAp stars, HD 62140 and HD 115708, this REE anomaly was found and these stars were proposed as candidates for pulsation. Since that investigation, the same REE anomaly was found in another three roAp stars: HD 101065 (Cowley et al. 2000) , HD 122970 , and HD 213637 (Kochukhov 2003) . In order to put our conclusions about abundance characteristics of pulsating Ap stars on a solid statistical basis, it was necessary to increase the sample of nonpulsating Ap and A stars with a detailed abundance analysis.
Program stars and observations
The observing log of our program stars plus name, range in λ and resolution of the spectrograph is given in Table 1 . The spectra of most of the stars discussed in this paper were obtained at the European Southern Observatory (ESO), the South African Astronomical Observatory (SAAO), and the CanadaFrance-Hawaii Telescope (CFHT). Spectra of three stars were made available from the archive of the Crimean Astrophysical Observatory (CrAO). The observational details and the reduction procedure for the ESO and SAAO spectra are briefly summarised in the following, for the CFHT spectra a description is given by Kochukhov et al. (2002a) . Excellent data of HD 29578, HD 60435 and HD 75445 were obtained with the Very Long Camera of the Coudé Echelle Spectrograph fibre-linked to the Cassegrain focus of the ESO 3.6-m telescope. The spectra of these three Ap stars were collected in February 2001 using the medium resolution CES image slicer and ESO CCD#61. This instrumental setup allowed to record a 40 Å spectral region centred at λ 6136 Å with a resolving power of R ≈ 123 000, according to the widths of emission lines in the Th-Ar comparison spectra.
Basic steps of spectroscopic reduction (bias subtraction, division by a normalized flat field, extraction of a 1 D spectrum, continuum normalization and wavelength calibration) were performed with a set of IDL routines specially adapted for the optimum extraction of CES spectra. The typical signalto-noise ratio of our CES observations of Ap stars is about 200−250 per pixel.
In addition, we extracted CES observations of HD 29578, HD 75445, and HD 116114 from the ESO archive. These spectra were obtained with the instrumental configuration very similar to our February 2001 CES observing run (medium resolution image slicer, R = 122 500) and they cover the spectral region λλ 6127−6167 Å. The raw archival data were reprocessed with the same reduction software as was used in the analysis of our own CES observations resulting in extracted 1 D spectra with a S /N ≈ 100−150 per pixel.
Medium resolution spectra with R ≈ 37 000 were obtained with the echelle spectrograph , mounted at the 1.9-m Radcliffe telescope of SAAO (South African Astronomical Observatory). They cover the wavelength region between 4400 and 7000 Å. We attempted to obtain a signal to noise ratio of at least 100 for each exposure and improved the quality of the spectra by co-adding several exposures taken during the same night.
The data reduction of the  spectra was based on . Bias subtraction, division by a normalized flat field, scattered light correction, wavelength calibration and extraction of the 1 D spectra were done with standard routines. The normalization of the continuum was quite challenging in the regions where absorption lines with wide wings, especially Hα, were present. In order to obtain satisfactory response functions for these parts of our spectra, a linear interpolation was applied between orders adjacent to those affected by a hydrogen line. Nevertheless, the resulting Hα-line profiles were not used as the main temperature indicator for our spectrum analysis.
Besides the mentioned sources, we also used spectra obtained at the Crimean Astrophysical Observatory (CrAO) as described by Ryabchikova et al. (2001) . Mainly Cr, Fe, Pr and Nd were investigated in the mentioned paper, therefore we decided to revise the CrAO spectra of HD 110066, HD 137909, and HD 188041 to obtain complete analyses including more elements.
The global atmospheric parameters and the abundance analysis
The initial set of atmospheric parameters T eff , log g and log Z needed to start an abundance analysis were derived from Strömgren photometry using  (Rogers 1995) . Strömgren colour indices were taken from the catalogue of Hauck & Mermilliod (1998) and from the Ph.D. Thesis of Martinez (1993) . A modified version of 9 (Kurucz 1993 ) was used to calculate scaled solar abundance model atmospheres. For some objects spectrophotometric observations were available, therefore T eff and log g could be derived from a fit of the theoretical energy distribution calculated with scaled solar abundance models to the observation (see Ryabchikova et al. 2000 Ryabchikova et al. , 2001 . For two stars, HD 137909 = β CrB and HD 137949 = 33 Lib, opacity distribution functions with individual abundances were calculated using a code developed by Piskunov & Kupka (2001) . The best fitting models were determined again from a comparison of the observed and synthetic flux distributions (Kupka et al. 2004) . Lines contributing most to the line opacity for a given set of parameters were extracted from the Vienna Atomic Line Database Ryabchikova et al. 1999; Kupka et al. 1999) .
Usually, a difference between the effective temperatures obtained from Strömgren photometry and spectrophotometry does not exceed 200−300 K, and only for one star, HD 137949, this difference amounts to 450 K.
With the software package , which is a semi-automatic procedure in a combination with the 9 code (Kurucz 1993 ), a first quick-look analysis was produced. For stars with a v e sin i not larger than 20 km s −1 , this method gives good starting values for a detailed analysis based on a comparison with synthetic spectra. An estimate of magnetic field effects on abundances was introduced at this stage. The mean magnetic field modulus H was determined from the Fe  Zeeman-doublet at λ 6149.258 Å by measuring the wavelength difference between the blue and red components, as described in Mathys et al. (1997) . In cases of only partially resolved lines we tried to estimate the field value by comparing observations to synthetic line profiles calculated with the  code (Piskunov 1999) , where the magnetic field is taken into account in radiative transfer.
For the stars observed at SAAO a couple of other magnetically sensitive lines could be used to determine the mean magnetic field modulus. These lines were Fe  λ 6336.835 Å (g eff = 2.00) and Fe  λ 6432.654 Å (g eff = 1.83). Both lines produce a doublet-like Zeeman pattern. More details are given in a separate publication on the magnetic field discovery for HD 18610 (Stütz et al. 2003) . A typical error of magnetic field measurements for ESO and CFHT spectra is about 50 to 70 Gauss, while it is 200 Gauss for SAAO spectra. The results of the magnetic field measurements are given in the last column of Table 1. Note that we co-added SAAO spectra and field values therefore refer to the mean HJD of the observations.
Abundance determination
Synthetic spectra taking into account the presence of a magnetic field were calculated for the entire observed spectral range for all stars observed at ESO. For the lower resolution spectra a magnetic spectrum synthesis was performed only for the small spectral parts which contain the lines chosen for an abundance analysis. Rotational velocities were estimated with synthetic spectra convolved with a set of v e sin i values. The typical error of v e sin i is 0.5 km s −1 for ESO spectra and 1−2 km s −1 for SAAO spectra.
For a few sharp-lined stars observed at SAAO (for example, HD 18610) the value derived for the rotational velocity is only an upper limit determined by the resolution of the spectrograph. For stars with v e sin i ≥ 30 km s −1 the lack of visible magnetic splitting was compensated in our analysis by non-zero values for the microturbulent velocity.
The final abundances and atmospheric parameters for the program stars are summarized in Table 2 . As a reference we do not give the usual solar abundances, but those of the normal late A-type star HD 32115, obtained with the same technique from spectra with compatible spectral resolution (Bikmaev et al. 2002) . For a few rare-earth elements with no measurable lines in the spectra of normal stars we give the solar reference values from Grevesse & Sauval (1998) .
We have already mentioned that the atomic parameters for most spectral lines were extracted from VALD. In a few cases, however, oscillator strengths were corrected as is described by Bikmaev et al. (2002) . One important aspect of the present abundance analysis was the Pr-Nd anomaly and we therefore used the latest data on rare-earth elements published by Palmeri et al. (2000) for Ce , Bord (2000) for Nd , and Bord (private communication) for Pr .
In the following subsections we comment on some of the stars which were (re)analyzed for the present investigation.
Rapidly oscillating Ap (roAp) stars
HD 12098: The pulsation with a period of 7.61 min was recently discovered for this northern Ap star by Martinez et al. (2000) . The longitudinal magnetic field varies from −0.5 to 1.8 kG with the most probable rotation period of 5.377 days (Lüftinger et al. 2003) . Our estimate of the rotational velocity of the star is v e sin i = 10 ± 2 km s −1 , yet it depends on the assumed surface magnetic field geometry and makes measurement of Zeeman line splittings difficult. A rough estimate of the surface magnetic field modulus indicates ≈6.5 kG. Abundances for HD 12098 are similar to those of 33 Lib and HD 166473, in particular for Ba and REE elements ( Gelbmann et al. 2000 -Paper V) . HD 166473 has the highest surface magnetic field among roAp stars and is followed by HD 12098, if our estimate of the mean surface magnetic field is correct.
HD 60435: For our analysis we had only the short spectral region from 6116−6156 Å available. The Nd anomaly is present and the abundances of other elements are typical for cool roAp stars. The magnetic field is less than 5 kG for this moderately rotating star, because we cannot see any splitting of the Fe  λ 6149 Å line. An upper limit of 2 kG can be estimated from differential intensification of Fe  λ 6147 and 6149 Å lines. For Si, Ca, Fe our results agree well with the abundances published by Shavrina et al. (2001) , while there is a major disagreement for Cr, Sm (our abundances are lower by 0.5−1.0 dex), Ba and Nd  (our abundances are higher by 0.5 dex). The small difference in the used effective temperatures cannot explain the discrepancies and we conclude that the most probable explanation is a spectrum variability of the star due to rotation and spots. The atmosphere of HD 60435 is very similar to the roAp star α Cir.
HD 137949 = 33 Lib: 33 Lib is one of the most peculiar roAp stars and its spectrum is severely blended due to a large overabundance of REE elements (in particular of Nd), the low temperature and its large magnetic field. Despite the rather strong magnetic field we do not see a clear separation of the magnetically sensitive lines in SAAO spectra because of the limited spectral resolution. We therefore give only an upper limit for the mean magnetic field modulus. 33 Lib shows a remarkable abundance difference by more than 2 dex obtained from lines of the first and the second ions for Pr as well as Nd, which indicates vertical stratification of these elements . As another stratification signature in the spectrum of this star we observe unusually strong high-excitation lines of Cr  and Fe  (Fig. 1) considering the given effective temperature. Abundances from these lines are not included in the mean values presented in Table 2 . Obviously, for this star stratification effects should be studied in more detail. 
Non-oscillating Ap (noAp) stars
HD 18610: We discovered a strong magnetic field for this star (Stütz et al. 2003) . It is a typical cool Ap star and is similar to β CrB with a mild Pr-Nd anomaly and high Cr abundance. HD 18610 also shows the same abundance increase for Cr and Fe lines with higher excitation energies.
Including also lines with E i > 7 eV results in larger mean abundances and scatter (log(Cr/N tot ) = −3.76 ± 0.50, log(Fe/N tot ) = −3.13 ± 0.60) which again is an evidence for chemical stratification.
HD 29578: Effective temperature, magnetic field strength and abundances are similar to β CrB. The Pr-Nd anomaly is higher than for β CrB, but slightly lower than in roAp stars. It is comparable to that of HD 62140 ), one of the roAp candidate stars. T eff qualifies this star as a (hotter) roAp candidate.
HD 29578 shows a remarkable magnetic field variability. Our two measurements of H indicate a doubling of the mean magnetic field strength since the last published data . Figure 3 (upper panel) displays measurements from Mathys et al. (circles) together with our measurements (diamonds). The magnetic period would be at least 12 years, if our observations were obtained close to the magnetic maximum, a presumption which remains to be confirmed.
HD 75445:
The Pr-Nd anomaly in this star is very large and typical for roAp stars. Our three new magnetic field values are presented in the middle panel of Fig. 3 . The mean magnetic field modulus seems to have slightly decreased during the last 7 years, indicating a very long period which is supported Fig. 3 . Magnetic field variations for three program stars. Measurements from Mathys et al. (1997) are shown by circles, our measurements from ESO spectra are shown by diamonds. also by extremely sharp spectral lines. In its long period, atmospheric parameters, magnetic field strength and abundance anomalies HD 75445 resembles the well known roAp star γ Equ, thus we consider it an obvious candidate for the group of roAp stars. Up to now no pulsation signature exceeding an upper limit of one mmag could be detected (Martinez, private communication) .
HD 110066: For the analysis of this star we used the same observations and atmospheric parameters as Ryabchikova et al. (2001) , but determined abundances for additional elements. The higher effective temperature makes it more difficult to study the REE in the first ionization stage. Therefore the abundances derived from such lines are more uncertain. No Pr-Nd anomaly is present. HD 110066 shows the highest Cr and Fe abundances among all program stars.
HD 116114: Both high (ESO) and lower (SAAO) resolution spectra were used for our analysis. The star has an abundance characteristic which is typical for cool Ap stars and no noticeable Pr-Nd anomaly is present. In many respects the star is similar to β CrB, including possible Cr and Fe stratification, however, it has a lower Cr abundance. Abundances obtained only from high excitation Cr  (−4.74±0.25) and Fe  (−3.64±0.13) lines differ significantly from those given in Table 2 .
Magnetic field measurements for this star are shown in Fig. 3 (bottom panel) . Landstreet & Mathys (2000) published a period of 27.6 days based on their magnetic field measurements. Because an epoch was not given for their Fig. 12 , we cannot check if our value for the magnetic field modulus fits to their curve.
HD 137909 = β CrB: This star is one of the brightest and coolest Ap stars. It was checked several times photometrically for pulsation, but always found to be constant. A recent spectroscopic study by Kochukhov et al. (2002a) , however, indicates a variable Fe  line at λ 6165.36 Å with a period of 11.5 min and an amplitude of 70 m s −1 . Remarkably, no variations were found in REE lines which would be an opposite trend to roAp stars, where the largest RV amplitudes are found for REE lines, while Fe lines are constant within the error limits. This discovery basically was confirmed by Hatzes & Mkrtichian (2004) who measured an amplitude of 138 m s −1 for a spectral feature at 6272 Å which the authors attribute to a Ce  line blended with a Cr  feature. Hatzes & Mkrtichian question the pulsation evidence for β CrB from Kochukhov et al. (2002a) arguing with unspecified instrumental problems of the  spectrograph used at CFHT. This suspicion, however, is difficult to understand, because of the well documented RV stability of the instrument of typically 15 m s −1 during a night and about twice as much over five nights (Walker et al. 2003) . Furthermore, Kochukhov et al. simultaneously have observed a Ca  line which proved to be constant to within 20 m s −1 and which is only 1 Å distant to the RV-variable Fe line.
We know from γ Equ that frequencies and mode amplitudes change from night to night (Martinez et al. 1996) due to a yet not understood excitation mechanism and due to interference of multiple modes. Hence, the different frequency and the larger amplitude measured for a Ce line by Hatzes & Mkrtichian at a different rotation phase does not indicate a contradiction. The spectral resolution available for Hatzes & Mkrtichian which is only half of that for the  spectrograph may also be relevant. Certainly, significantly more high time resolved and top quality spectra are needed to investigate pulsations of β CrB which may turn out to be a key element in understanding roAp stars.
As it was mentioned by Kochukhov et al. (2002a) a detection of small amplitude RV variations in β CrB questions the existence of roAp stars as a separate group among cool Ap stars. One of the main distinctions between roAp and noAp stars seemed to be the REE anomaly which is much smaller or even absent for noAp stars. Previously, comparisons of the Pr and Nd abundances in roAp and noAp stars were based on 1 to 3 lines of each element in the first ionisation stage. Pr  and Nd  lines are very weak in the spectra of stars hotter than 8000 K even with a significant overabundance of these elements. In a spectrum of a star like β CrB, which has a stratified atmosphere (Wade et al. 2001 ) with a large Cr and Fe overabundance in the hot atmospheric layers, plenty of rather strong high excitation lines of Cr  and Fe  contribute to blends. As a result, abundances of Pr and Nd derived from such blended lines may be overestimated and the REE anomaly underestimated. Therefore we carefully analyzed Pr  and Nd  lines in new β CrB spectra of very good quality obtained at CFHT using a more realistic model atmosphere based on individual abundances (Kupka et al. 2004) . Indeed, the Pr−Nd anomaly increases, but still remains much smaller than observed in roAp stars. The Cr abundance, however, is about an order of magnitude higher than in most roAp stars.
For the same reasons mentioned for 33 Lib, we did not include high excitation lines of Cr  and Fe  in the averaged values of most of the program stars given in Table 2 . To be consistent we omitted them also in our β CrB results, however, when using all the measurable lines the corresponding abundances would be log(Cr/N tot ) = −4.40 and log(Fe/N tot ) = −3.43.
The mean magnetic field modulus derived from our spectra fits nicely a curve shown in Mathys et al. (1997, Fig. 32  therein) . Ryabchikova et al. (1996) HD 183806: According to the temperature obtained from photometric calibrations, HD 183806 is the hottest star in our sample and has a rather large v e sin i. Temperature and gravity determinations are consistent with the observed Hβ and Hα line profiles. The Hipparcos absolute visual magnitude M V = −0.1 mag (Gomez et al. 1998) gives together with T eff ≈ 10 000 K a stellar radius of about 3.7 R . The rotation period P = 2.9213 days was determined by Manfroid & Mathys (1985) from photometry and infers an equatorial rotation velocity of ≈64 km s −1 . With a measured v e sin i = 28 km s −1 we can estimate the angle of inclination of the rotation axis to be ≈26
• .
HD 188041 = HR 7575: For this star abundance analyses based on photographic spectra in the blue region were published by Kato & Sadakane (1999) and, for only a few elements, by Ryabchikova et al. (2001) . The used effective temperature was the same for both studies, but gravity differed by 1 dex. Kato & Sadakane derived a log g = 3.5 mainly from hydrogen line profiles, while Ryabchikova et al. (2001) used a log g = 4.5 to better fit the spectrophotometry. Kato & Sadakane (1999) noticed that their atmospheric parameters do not satisfy an ionization balance for iron, and in particular a few high excitation Fe  lines provided a very high iron abundance. Otherwise, our present analysis agrees very well with the results from Kato & Sadakane, and we again have to deal with a stratified atmosphere. This property may also result in different surface gravities derived from hydrogen lines and from a flux distribution, compared to an analysis based on a homogeneous atmosphere. A Pr-Nd anomaly is not observed in this star. HD 212385: This star is one of the hottest in our sample of normal Ap stars, making again abundance determinations from lines of the first ionization stage rather uncertain. No Pr-Nd anomaly was detected. The rather large v e sin i = 32 km s −1 , determined with a scatter of up to 3 km s −1 , prevented a measurement of the magnetic line splitting. Another magnetic field indicator could not be used either: the equivalent width ratio of the Fe  lines at 6147 Å and 6149 Å. This ratio should be close to one in the non-magnetic case, otherwise the width of the 6147 Å line is always larger. Unfortunately, the 6149 Å line is blended with a yet unidentified spectral line at 6148.8 Å which prevents a reliable equivalent width measurement. For our spectrum synthesis we used a microturbulent velocity of 4 km s −1 to compensate somehow for magnetic field effects.
Published magnetic Ap star abundances:
For the purpose of better statistics in the investigation of the spectroscopic signature of roAp stars, in particular for the Cr and Fe abundances, we increased the temperature range of our sample by including data from the literature. For consistency reasons we limited the additional data to those determined in a similar way. If available, we also used the results from Doppler imaging and averaged over the entire stellar surface. A list of the supplement stars with T eff , Cr and Fe abundances, and the references are given in Table 3 . For HD 168733 the atmospheric parameters and equivalent widths of Cr and Fe lines were extracted from Muthsam & Cowley (1984) , but the abundances were recalculated with the same atomic parameters used by us for the present investigation.
Spectroscopic signature of roAp stars
A sample of 13 roAp and 12 non-pulsating Ap stars with temperatures ranging from 6400 K to 10 000 K and with homogeneous abundance determinations is now available for a comparative study. This sample together with data published in Papers I−VI, Gelbmann (1998), Cowley et al. (2000) , Ryabchikova et al. (2001) and Kochukhov (2003) obviously confirms that both groups do not differ significantly in rotation and magnetic field strength, but have a rather small overlap in T eff . We tried to increase our sample of non-pulsating Ap stars and found the stars listed in Table 3 which corroborates the trend that roAp stars are cool and noAp stars are hot. The question can be even raised, if all cool chemically peculiar magnetic stars are pulsating. Globally, we cannot find any obvious differences in the abundance pattern of Ap stars (Fig. 4) which do pulsate or not (or are candidates for pulsation). For the groups of peculiar stars presented in this figure the scatter bars are dominated by temperature effects (see for example our Fig. 5 ) and individual abundance differences (spots, e.g.), but not by actual measuring errors. No "error" bars are given for elements which were determined only for a single star of a sample. The error bars given for the abundances of a star with near solar type abundances, HD 32115, are taken from Bikmaev et al. (2002) and reflect the level of accuracy which can be achieved in the best cases. Fig. 4 . Mean abundances for a sample of 13 roAp, 4 spectroscopic roAp star candidates, 10 non-pulsating Ap (noAp) stars. A well studied star (HD 32115, Bikmaev et al. 2002) with nearly solar abundances is presented for comparison. The error bars for HD 32115 are from the literature, whereas for the other groups they indicate the range (maximum -minimum) of values for the given sample.
A plot of the Cr and Fe abundances for roAp and noAp stars as a function of T eff shown in Fig. 5 , results in an intriguing picture. Clearly, up to about 10 500 K abundances increase with temperature, which immediately calls for another investigation: is there a similar trend for normal stars and/or is this trend artificially caused by incorrect model atmospheres and spectrum reduction techniques? For this purpose we compiled Cr and Fe abundances for normal, superficially-normal, Am and δ Scuti-type stars with low rotational velocities (v e sin i < 50 km s −1 ) from papers by Varenne & Monier (1999, Hyades A and F stars) , Hill & Landstreet (1993) , Mittermayer & Weiss (2003) , and from numerous papers by Adelman and co-workers: Adelman (1991 , 1994 , 1996 , Adelman & Davis Philip (1992) , Adelman et al. (1997 Adelman et al. ( , 2000 Adelman et al. ( , 2001 , , Adelman & Albayrak (1998) , Pintado & Adelman (2003) , and Kocer et al. (2003) .
Compatibility of our results with literature data obtained with similar techniques has been discussed, e.g., by Ryabchikova et al. (2001) . Furthermore, Grant Hill and John Landstreet kindly provided us access to spectra of 5 narrowlined A-type stars and the Am star Sirius for a direct comparison of our techniques with the one published in Hill & Landstreet (1993) . We calculated abundances from equivalent widths, using the same model parameters and a representative subsample of Fe and Cr lines. Like ours, the original analyses were based on  model atmospheres, but in combination with another spectrum synthesis code. Figure 6 shows that within the usual errors we obtained the same results and no systematic differences could be found.
The delta Scuti star included in Fig. 5 was analyzed by the same techniques described in this paper.
Back to Fig. 5 : it is remarkable that the maximum abundance for Cr and Fe approaches the same value of log(N/N tot ) = −3, which means an overabundance of Cr relative to the sun by a factor of 1000 and of about 30 for Fe. The process responsible for the element enrichment seems to be more efficient for Cr. Above 10 500 K the abundances for both elements drop drastically (more so for Cr) and settle at a saturation point of about 10 times the solar value.
The radiative diffusion theory (Michaud 1970) seems to explain these effects. An abundance distribution (abundance profile) for a few iron peak elements was calculated by Babel (1992) for the atmosphere of the cool Ap star 53 Cam taking radiative diffusion in the presence of a weak stellar wind into account. The profile can be approximated by a step function with a low abundance in the upper atmospheric layers and a high abundance deeper inside. In principle this kind of atmospheric abundance profile could explain Fig. 5 , if size and optical depth of the abundance jump change with effective temperature. For example, most lines with low-and medium-excitation energies would be formed in a region with low element abundance, if the abundance step is shifted towards deeper atmospheric layers. In this case a standard abundance analysis, assuming a homogeneous atmosphere, may even result in an underabundance as is indeed observed for Fe in HD 101065 and γ Equ . Stratification analyses are presently available only for few stars (53 Cam, Babel 1992; γ Equ, Ryabchikova et al. 2002; β CrB, Wade et al. 2001; HD 133029, Monin et al. in preparation; HD 101065, Ryabchikova 2003 ) and seem to indicate a depth of −0.5 < log τ 5000 < −1.2 for such an abundance step with a difference of up to 3 dex.
It is worth mentioning that a similar, but considerably less prominent overabundance of Cr and Fe may be detectable for Am, normal and superficially normal stars around T eff = 9500 K. As all these stars do not show a measurable magnetic field it can be speculated that such a field significantly amplifies the process responsible for the observed abundances.
The most significant spectroscopic difference between roAp and non-pulsating Ap (noAp) stars is the REE anomaly. We compiled for Table 4 all available data concerning temperatures and abundance differences of second and first Pr and Nd ions, ∆[Pr] III−II and ∆[Nd] III−II , together with an error estimate, given in parenthesis. For example, we show that most temperatures are uncertain to 100−200 K, though a few are larger. Minor improvements of the published values concern HD 217522 for which Pr  and Nd  abundances were derived using the same spectra and model atmosphere as in Gelbmann (1998) . We also increased slightly the temperature of the noAp star HD 184471 given by Ryabchikova et al. (2001) . Recently, Carrier et al. (2002) found this star to be a long-period spectroscopic binary and they obtained T eff = 8114 K from Geneva colours. This temperature is higher by 600 K than the one derived from Strömgren photometry (Renson et al. 1991) . The spectrum of the companion might be detectable in the Hα line (Romanyuk, private communication) and the weakness of REE lines makes the analysis rather difficult and less accurate than for the other stars of the sample discussed in Ryabchikova et al. (2001) . We therefore used a mean temperature derived from Geneva and Strömgren photometry and increased the error estimates for temperature and REE abundances.
The data from Table 4 have a Pr-Nd anomaly of ≈1.5 dex or even higher, while nonpulsating stars show marginal presence or even absence of the anomaly. We also see a very small temperature overlap for both groups of stars. Obvious questions are:
• Is there a critical temperature below which (all?) magnetic Ap stars pulsate? • Is the marginal temperature overlap of the group with and without REE anomaly real or mimicked by our procedures which basically are developed for normal homogeneous stellar atmospheres? • What is the role of REE elements in general? • How does stratification change the atmospheric structure and flux distribution?
Conclusion
The roAp and noAp stars are clearly different concerning the temperature domain they populate in the HR-diagram. The group of roAp stars is cooler than noAp stars with a fairly well defined border at T eff = 8100 K and roAp stars are less metallic. As temperature increases, Cr and Fe abundances increase continuously to an upper level of approximately log(N/N tot ) = −3 at about T eff = 10 500 K and decrease for hotter temperatures to a saturation level which is about 10 times of the solar value. It is remarkable that a similar, but much less pronounced effect can be seen for "normal" and Am stars.
A definite spectroscopic signature of the roAp phenomenon seems to be an abundance differences of second and first ions of Pr and Nd of at least 1.5 dex and up to 2.5 dex. The best confirmation of this indicator would be the photometric or spectroscopic discovery of pulsation in roAp candidates, e.g. from our Table 4 . However, a more general picture of pulsation of CP2 stars discovered by Kochukhov et al. (2002a) may be indicated by the recent confirmation of pulsation in β CrB by Hatzes & Mkrtichian (2004) . All magnetic CP2 stars up to a transition temperature of about 8100 K may dispose of an excitation mechanism of yet unknown nature probably linked to diffusion processes. The REE anomaly and temperature dependence of Cr and Fe seems to be caused by radiative diffusion in the presence of a magnetic field (and stellar wind). If correct, we can quantify with Figs. 5 and 7 this process as a function of T eff and the magnetic field.
